Kwalkwalawa is an area noted for extensive rice production and fishing activities, while Talata Mafara is a site used mainly for rice production. Soils of the two areas were taken and evaluated for potentialities of rice-cum-fish culture. Three replicate soil samples were collected in October 2004 and 2005 from three sampling sites within the study area at 0-15 cm and 15-30 cm depth. Analysis of the samples indicated that at Kwalkwalawa the soil pH was 7.35 and 7.28 for 0-15 cm and 15-30 cm depth, respectively, and 6.75 and 6.67 for Talata The soil was classified as loamy sand after fitting it into textural triangle. Results indicated the clay content at Kwalkwalawa over two seasons was stable, but at Talata Mafara it differed, even though the soil texture was the same for both seasons and sampling depths. The results showed that with some textural improvements, rice-cum-fish culture project can be undertaken in the study areas.
Introduction


Absence of food security is responsible for the serious threats of hunger, poverty and malnutrition in Africa [1] . Adoption of environmentally conscious production systems, which are compatible with the potentials for efficiency, could be exploited for the enhancement of the situation. Rice-cum-fish farming  Corresponding author: Abubakar Baba Misau, M.Sc., research fields: fisheries management and aquaculture. E-mail: abubakarbabamisau@yahoo.com.
is one of the promising integrated farming systems that could be adopted for this purpose [2] . The cultivation of fish and rice concurrently in the same fields and at the same time is popularly referred to as rice-cum-fish culture. Serial production of rice and fish in the same fields rotationally is also considered as rice-fish culture. Simultaneous production of rice and fish in different compartments side by side in the same water environment also constitute rice-cum-fish farming [3] .
Production of fish in rice fields is almost as old as the practice of rice or paddy culture itself. Whenever water is stagnated within bunds for rice culture, fish which naturally occur in the irrigation water and nearby tanks and pools, enters the paddy fields and grows there until harvest, along with the paddy [4] . Thus, fish production in rice fields dates from very early days, even though it was based on capture rather than culture [5] .
Fish culture in rice fields improves the deficit of animal protein in densely populated rice growing areas. In these areas, usually rice-fish culture is an easy source of cheap and fresh animal protein source [6] . Production of fish between the rice crops gives the farmer an off season occupation [5] , it also increases income without increasing the expenses [4] . Cultivation of rice under rice-fish culture has been reported to increase rice yields, as a result of the increase in organic fertilization by fish excreta and remains of artificial feeds, the better tillering of rice seedlings due to the activity of fish, the reduction in rat population due to the increase in the water level, the increase mineralization of organic matter and the increase aeration of the soil resulting from the puddling of mud by benthic feeders and control of algae and weeds (by phytopagons fish) which compete with rice for light and nutrients [6] .
The objective of the study was to evaluate the potentials of the soils of these two areas for rice-cum-fish culture systems.
Materials and Methods
The experiment was conducted at two locations: Kwalkwalwa village (Sokoto, latitude 13°06′28″ N and longitude 05°12′46″ E) and Talata Mafara (latitude 12°13″18″ N and longitude 06°05′05″ E) at altitude 1,150 m in Zamfara State, for two consecutive dry seasons of 2004 and 2005. The climate of Kwalkwalawa (Sokoto) is hot, semi-arid tropical or type Aw in Koppen climatic classification [7] , supporting Sudan savanna vegetation [8] . The mean annual rainfall is about 600 mm falling between June and September, the rest of the year is characterized as pronounced dry season [9] , during which small scale irrigation using tube wells is practiced by farmers along Sokoto Rima river banks. Talata Mafara lies in an area with the characteristics of Southern Sudan ecological zone of Nigeria.
Kwalkwalawa village of Wamakko local government area of Sokoto State, Nigeria, is an area noted for dry season cultivation of crops, such as rice, onions, garlic, tomatoes and peppers [7] . Talata Mafara is also an area noted for extensive rice cultivation within the Bakolori irrigation project.
Soil samples were collected from three sites in each location at 15 m interval. Soil samples were taken at 0-15 cm and 15-30 cm sampling depth. Three replicates were collected per sample in October of each year prior to the dry season cultivation.
The soil samples were air dried and passed through a 2 mm sieve, particles larger than 2 mm were weighed as gravel content and removed. The fine soils (< 2 mm) were used for the physical and chemical analysis [10] . The proportion of different soil separates of each site was determined by the hydrometer method. The soil was dispersed with sodium hexametaphosphate, stirred vigorously and determined using hydrometer [11] .
Soil pH was measured in soil solution (1:2) by Jenway 3015 pH meter [12] . The mixture was allowed to equilibrate for 30 min before taking the reading. Electrical conductivity (EC) was measured with conductivity meter. Three replicates of samples were collected to determine organic carbon content by chromic modified Walkley-Black method [13] . Cation exchange capacity (CEC) was determined by saturating the soil with normal neutral ammonium acetate solution [14] .
After CEC determination, the ammonium acetate resulting from the analysis was used to determine extractable bases. Sodium and potassium were determined using flame photometer, while calcium
Results
The result of the soil analysis of Kwalkwalawa indicated pH of 7. The result of the soil analysis of Talata Mafara in Table 2 
Discussion
According to Ref. [5] , to grow fish in rice fields, the physiochemical as well as the biological environment of the rice fields need to be studied, so as to understand the relative contribution of various factors in the growth and development of both rice and fish. The various factors influencing fish culture in the rice fields include altitude, latitude, rainfall and water supply, water temperature, dissolved oxygen, water turbidity, salinity, tidal flux (in coastal waters), fertility and richness of plankton and other fish food organisms, and polluting effects of chemicals.
Altitude and latitude of the two areas were found to be convenient for the rice-cum-fish management culture systems and therefore gave the potential for the success of such system in the regions exists. The water levels in the two areas are also adequate, since according to Ref. [6] , the minimum 1,200 mm of rainfall required for rice-cum-fish culture systems does not appear to be critical as long as irrigation water is available. The pH recorded at the two sites is suitable for fish as well as rice production, according to Ref. [5] . Fish and rice production exist at some level together almost everywhere rice is grown, this is achieved by lowering use of large amounts of chemicals, such as fertilizers and pesticides, which has a consequent effect on soil pH. Organic carbon, total nitrogen and available phosphorus were found to be adequate for rice production requiring minor modifications. Lavkulich [15] reported insignificant difference in oxygen levels between rice only and rice-cum-fish culture, which was attributed to narrow spacing of rice cultivars (20 cm  20 cm). This therefore suggests that the soils are very suitable for rice-cum-fish culture, since they are suitable for rice production. Similarly, Lavkulich [15] reported that under different fertilizer treatments, dissolved oxygen, Preliminary Evaluation of Soils from Kwalkwalawa (Sokoto) and Bakolori (Talata Mafara) Regions Used for Rice and Fishing Activities 251 nitrogen and potassium concentrations were not significantly different, indicating that different fertilizer treatments had no effect on their concentrations. The authors also reported that there was no significant difference in rice yields between the rice-cum-fish culture and rice only management system. This further suggests the likely hood that farmers will integrate the technology into their cultivation systems, since it is not associated with decline in rice and fish production. The CEC of the soils was also found to be suitable for rice production, which is assumed to also be suitable for rice-cum-fish culture systems, since Kutty [4] in 1976 reported that the system encouraged the reduced utilization of chemicals in rice-cum-fish culture systems. Kutty [5] in 1987 reported that nutrients and minerals often came through the fertilizers applied by the rice farmer, and the water thereby became acidic, but this was often corrected by manorial applications.
The clay content of the soils though was good for rice production, however, was found to require little modifications for suitability in rice-cum-fish culture system. This suggests that management practices of improving clay content of the soils should be done to suit the demands of successful rice-cum-fish culture system.
Conclusions
The soils of Kwalkwalawa and Talata Mafara were found to be suitable for rice-cum-fish culture systems with little amendments. The system is also envisaged to be easily integrated into the cropping systems of farmers in the areas.
